Summary.-The carcinoembryonic antigen (CEA) was produced and released by human colorectal carcinomata and also the normal attached mucosa when maintained in both monolayer and organ cultures Immunoperoxidase cytochemical methods were employed for the cellular localization of CEA which was demonstrable only on the neoplastic cells. Gel filtration and immunological methods confirmed that CEA, produced by normal and neoplastic cells, had properties similar to " authentic " CEA derived from metastatic colorectal carcinomata. In addition, two other CEA cross-reacting macromolecules, neither of which was CCEA-2, were produced by these tumours in culture.
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THE CLINICAL and immunological importance of oncofoetal antigens has been receiving increasing interest since the description of the carcinoembryonic antigen (CEA) by Gold and Freedman (1965a, b) and of alpha-foetoprotein by Abelev (1968) . Their metabolism and biological significance, however, have received scant attention (Uriel, de Nechaud and Dupiers, 1972) .
CEA is considered to be a cell surface glycoprotein located in the glycocalyx of human colonic carcinomata obtained at the time of surgery and after their in vitro growth (Gold, Gold and Freedman, 1968; Burtin et al., 1970; Goldenburg et al., 1972) ; .
However, while small amounts of CEA or CEA-like materials can be extracted from normal colonic tissue and faeces (Freed and Taylor, 1972; Khoo et al., 1973; Elias, Holyoke and Chu, 1974) , it has not always proved possible to demonstrate its cytological occurrence in cells of the normal colon (Dykes and King, 1972) .
The use of tissue culture seemed to us to be one means of investigating the localization and production of CEA or CEA-like materials by the normal and neoplastic human colon and of ascertaining whether the CEA related glycoprotein, colonic carcinoembryonic antigen-2 (CCEA-2) (Darcy, Turberville and James, 1973) apparently identical with normal cross-reacting antigen (NCA) and normal glycoprotein (NGP) (von Kleist, Chavanel and Burtin, 1972; Mach and Pusztaszeri, 1972) was also released by normal and tumour cells. Finally, attempts have been made to ascertain the chemical and immunological relationship between CEA from normal or neoplastic tissue.
MATERIALS AND METHODS
Materials.-Portions of colorectal carcinomata, together with pieces of the attached normal colon and/or rectum, were obtained at surgery from 20 patients and placed in tissue culture media and kept at 0°C during transit to the laboratory (1-3 h).
Six additional samples of tumour tissue were obtained surgically from a transplantable human colonic carcinoma growing in immune deprived mice (Cobb, 1973) and used for studies immediately.
Monolayer cultures.-Monolayer cultures were prepared in 25 ml plastic Falcon flasks by physical dissociation of the tumour tissue. No attempt was made to separate single cells from cell aggregates and the suspension obtained from about 05 g of tissue was used to initiate the culture.
The cells were suspended in either Dulbecco's modified Eagle's medium buffered with bicarbonate, previously gassed with 10% CO2 in air, or in medium 199 buffered with HEPES, both being supplemented with 20% foetal calf serum (Gibco). In the first week ill culture, media were changed every second day and after that, every 2 weeks. The culture media contained streptomycin and penicillin each 100 u/ml medium. The first 2 changes of medium contained, in addition, amphotericin and gentamicin, each 2.5 ,g/ml medium.
Organ cultutres.-Twenty colonic carcinomata were dissected free of normal tissue and cut up with scissors into small fragments (1-2 mm in diameter). These explants were incubated for 5-14 days on stainless steel grids in 5 or 10 cm plastic dishes in one of the media described above which contained all 4 antibiotics. Either 0.1 or 0.5 g of tissue was incubated in 5 or 20 ml of medium, which was changed at intervals of a few days (vide infra). In addition, in 9 instances small explants (1-2 mm in diameter) or strips (2-20 mm in length) and between 0-1 and 0.5 g in weight were derived from normal colonic mucosa distant from the neoplasm and were cultured in FO10 medium (Gibco) (Avremeas, 1969 ) was used to demonstrate the cellular location of CEA in paraffin embedded sections of organ cultured cells and in methanol fixed smears of the monolayer cultured cells. The anti-CEA antiserum was raised in goats to purified preparations of CEA and its properties have been described previously . It was purified by obtaining the immunoglobulin fraction . Horse anti-goat iminunoglobulin G was conjugated with horse radish peroxidase (Sigma).
Radioimmunoassay. CEA and CCEA-2 were estimated in the culture media and Sephadex G-200 column fractions using previously described double antibody methods (Laurence et al., , 1974 . Before use, culture media were negative by this method and hence served as a baseline for the subsequent cell studies. Before assay, culture media were filtered through 0.2 ,um Millipore filters and diluted with medium or buffer as required to achieve a reading within the limits of the standard curve. To distinguish between specific and nonspecific inhibition of the radioimmunoassay, inhibition curves using serial dilutions of the Sephadex column eluates were compared with those obtained with serial dilutions of authentic CEA and CCEA-2.
Gel filtration.-Media from 3 monolayer cultures and one organ culture of colorectal carcinomata and from the organ cultures of 2 normal mucosae were extracted with 2 mol/l perchloric acid (PCA) and subsequently lyophilized as described before . The resulting dried powders were each redissolved in 5 ml of 1-5 mol/l NaCl solution containing 0-1% NaN3 to which nanogram amounts of 125I-labelled CEA and CCEA-2 were added. Samples were eluted from a column (90 x 2.5 cm) of Sephadex G-200 with 0.05 mol/l phosphate buffered saline (pH 5.8) containing 0.1% NaN3, flow rate of 10 ml/h and fractions (5 ml) were collected. Optical density was recorded at 280 nm; radioactivity was assessed using a Wallac y counter and the antigenic activity of the fractions was measured by radioimmunoassay.
RESULTS

Monolayer cultures
Cultures with a majority of epitheliallike cells were obtained from 14 of the 20 surgically resected colorectal carcinomata and from all 6 samples of transplantable tumours. Well differentiated mucus-secreting adenocarcinomata obtained at surgery or after initial transplantation to immune deprived mice provided the best cell culture specimens. Their subsequent maintenance and/or growth was independent of the preoperative plasma CEA levels. Indeed, the best cultures were derived from tumours associated in vivo with normal CEA plasma levels.
Epithelial colonies were seen to survive and in some cultures proliferation over a period of between 3 and 30 weeks took place. While fusion of adjacent colonies was seen, complete confluent monolayers were never achieved. The largest colonies eventually reached 0 5 cm in diameter and several cells in thickness. In some, organoid-like structures were present.
The epithelial-like colonies, after the first phase of proliferation, decreased in size and number and, in 5 sets of cultures, finally disappeared during the first 4 weeks and in a further 4 different cultures, between the fourth and tenth weeks. These changes were associated with fibroblast-like overgrowth although such cells constituted only a minority population early in the culture period. A further 5 cultures comprised epithelial tumour cells which died after 3-7 months without fibroblast overgrowth. The remaining 6 cultures where no epithelial colonies were obtained initially were in the main derived from tumours with a desmoplastie Fig. 2 . While it was not possible to equate precisely the amount released to the cell number in view of the mode of cell growth, proliferation was associated with increasing CEA medium levels while degeneration resulted in their decline (Fig. 2) .
Organ cultures
Irrespective of the medium employed, the histological appearance of neoplastic explants maintained in organ culture was similar to that of the original tumours duiring the initial phases of culture (Fig. 3) .
At the end of the first week, degeneration aind necrosis of the neoplastic epithelium in the centre of the explants could be observed while, simultaneously, the tumoour cells at the periphery proliferated to form a discontinuous epithelial layer oii the surface of the explants. In the second week, the number of viable cells decreased although some remained after 14 days. The explants of normal colonic epithelium maintained in medium 199 in air were well preserved only during the first 24 h, after which time degeneration and desquamation often occurred with complete epithelial cell loss by the third day. Better preservation was achieved with the normal mucosa in medium FIO. Histologically, the cells remained viable for between 4 and 6 days, although some desquamatioii could be noted by the sixth day. Goblet cells tended to decrease in number and the epithelium to become flattened with increasing culture periods.
CEA, demonstrable by immunoperoxidase staining, both in the tumours immediately after surgery and in the corresponding explants maintained in vitro, was most prominent on the luminal aspects of the tumour cells (Fig. 4, 5) . Some cytoplasmic and intra-acinar staining was also always seen and the cytoplasmic staining was diffuse and prominent in 3 poorly differentiated adenocarcinomata. While immunoperoxidase staining for CEA was negative in all the resected and cultured normal mucosae, radioimmunoassay of the media showed that all the mucosal cultures, but not those of serosa, produced and/or released CEA. A typical example is shown in Fig. 6 .
With the onset of cell degeneration, these levels declined. Between 10 and 100ng CEA/ml/h was released initially by tumour cultures into the media. The level paralleled the amounts of tumour tissue and was highest with well differentiated highly cellular adenocarcinomata. Degeneration and necrosis of the normal cultures were associated with levels declining to baseline values.
Gel filtration 2 mol/l Perchloric acid (PCA) extracts of the media from monolayer and organ cultures of 3 tumours and from the organ culture of one tumour and of 2 normal mucosae were submitted to Sephadex G-200 column chromatography. Similar results were obtained from both normal and neoplastic tissues. A representative example is shown in Fig. 7 . The major peaks of optical density are due primarily to proteins present in the culture media.
One major peak (peak 1) of immunoassayable CEA activity was eluted with authentic CEA chromatographed separate- derive cell lines from the present monolayer cultures. Indeed, the establishment of the tumour cell cultures proved rather difficult, although some long-term (7 month) survivals were achieved. This contrasts with the ready transplantation of primary human colorectal carcinomata into suitably immunologically deprived experimental animals (Cobb, 1973; Detre and Gazet, 1973) . Utilizing this latter procedure and harvesting cells from such tumours did not yield cell preparations from which cells grew or were maintained more readily.
In successful cell cultures, the tumour cells retained many of the typical electron microscopic features of colorectal epithelial cells and tended also to form organoid structures resembling those recorded by Burtin and his colleagues (1970) . In organ culture, however, cell death tended to be a prominent feature in both cn C 04 0 w 0 norimal and tumourous explants and limited their functional and experimental value. The optimal conditions of preservation involve the use of high oxygen tension as has been found by other workers (Johansen, 1970; Eastwood and Trier, 1973) .
Other macromolecules have been identified which cross-react with authentic CEA. To ensure that the material in media from both normal and neoplastic cultures was CEA, a series of experiments was undertaken. On the basis of double diffusion studies, parallelism in radioimmunoassay and chromatographic properties on Sephadex G-200 (Fig. 7) , it appears that the material released is identical or closely related to CEA extracted from human metastatic colorectal carcinomata.
The two other components in the media, separated on Sephadex G-200 chromatography as peaks II and III (Fig.  7) , cross-reacted with CEA and CCEA-2 but had lower molecular weights than that of CEA although peak III was similar in apparent size to CCEA-2. Neither, however, gave parallelism in the radioimmunoassay. It is possible, but not proved, that they either represent degradation products of CEA or are separate but cross-reacting molecular species.
CEA was demonstrable by immunoperoxidase methods only on tumour cells and not in normal colorectal epithelium. Similar results were reported by others (Gold et al., 1968; Denk et al., 1972) . Its aetiology is obscure. It may be simply a concentration effect since very small amounts of CEA or CEA-like materials can be extracted from normal colorectal tissues (Khoo et al., 1973) . While this mav indicate a more rapid turnover with or without lesser CEA production as well, one alternative is that the CEA-immunoreactive groupings remain cryptic in normal but not neoplastic cells. A further possibility may be that CEA is removed during tissue preparation for histological examination and that smaller amounts on normal cells then are no longer demonstrable while the losses from the tumour cells are such that sufficient CEA remains to be demonstrated by this method. Although CEA has a variable distribution in different parts of the same tuimour (Denk et al., 1972) , these immunoperoxidase observations may have practical pathological application in assisting with the histological assessment of premalignant colorectal lesions.
The amounts of CEA released by normal colorectal explants per unit weight of tissue tended to be intermediate between that produced by well differentiated and and poorly differentiated desmoplastic adenocarcinoma explants (Fig. 6 ). These differences are probably ascribable to the numbers of normal and neoplastic epithelial cells present. However, immunofluorescent studies have shown that CEA is not demonstrable on all tumour cells (Denk et al., 1972) .
If similar CEA dynamics exist in vivo, then the lack of any correlation between the presence of tumour and plasma CEA may be referable to the relationship of the cells to their vasculature. In the normal colon and with early predominantly intraluminal tumours, CEA may pass predominantly or exclusively into the bowel lumen and appear in faeces (Freed and Taylor, 1972; Elias et al., 1974) . When tumour cells invade the bowel wall and then spread, the cells may establish a close anatomical relationship to their vasculature or lymphatics, when CEA would pass into the circulation. CEA is known to occur in the thoracic duct lymph in patients with colorectal carcinoma (Murphy, personal communication, 1973) .
This may also explain the rises in plasma CEA which can occur with gastointestinal inflammatory conditions (Moore et al., 1971; Holyoke, Reynoso and Chu, 1972; Laurence etal., 1972; Reynoso etal., 1972) . Were this true, a closer examination of the metabolic fate of CEA is warranted, together with the development of other diagnostic methods which employ, in conjunction with plasma, the other known "a"68 sources of CEA such as faeces and thoracic duct lymph.
